Yoghurt was made of different levels of high hydrostatic pressure processing (HHP) (500, 600 and 700 MPa at 25 o C for 10 min), compared with that made by using heat treatment (93 o C for 20 min) as a control. The resultant yoghurts were analyzed for chemical, physical and sensory properties. The pH during fermentation time was significantly higher for 700 MPa treated sample, compared to the other samples. The pressurized samples were lower in TS (P≤0.05) than heat treated sample (control). 500 MPa-treated sample had significant lower gel firmness, compared to other tested samples, whereas the highest value was recorded by 700 MPa. Applying 600 and 700 MPa of HHP on the used milk increased significantly the viscosity, compared to 500 MPa and the control samples. Considerable decrease on wheying-off was observed when the milks were pressurized with all of the applied levels. The application of HHP (600 and 700 MPa/ 10 min) to yoghurt milk improved colour and taste of the resultant yoghurt, whereas 500 MPa decreased the most of the tested sensory properties.
INTRODUCTION
High pressure processing (HPP) is one of the novel technologies that used recently to produce safe food, with better nutritional value and desirable sensory properties (Stewart et al., 2006; Penna et al., 2007) . Many recent studies compared between the use of HPP and heat treatment on the chemical, physical, microbiological, sensory and nutritional value of milk. It could be concluded that HPP at 400-600 MPa could be used as an alternative process of pasteurization (72 0 C, 15 s) to produce safe milk products with higher sensory properties and enhance the nutritional quality due to the lack of thermal damage on the minerals, vitamins and protein (Taylor, 2002; Lopez-Fandino, 2006 a, b; Huppertz et al., 2006; Harte et al., 2007; Swelam et al., 2017) . In addition, HPP is recently used in yoghurt manufacture which improves the coagulation characteristics of milk to establish the balance between soluble and insoluble forms of nitrogen, calcium and phosphorus, therefore more acceptable yoghurt is produced (Kheadr et al. 2002; Trujillo, 2002; Patrignani et al.; 2007; Serra et al. 2008) . HPP improved the rheological properties such as viscosity, firmness and syneresis resistance of gels yoghurt after 15 min pressurization at 400 MPa and after 5 min at 600 MPa with slight further increases up to 60 min. Furthermore, the gel firmness was increased by increase HPP level from 350 to 500 MPa at 25 and 55 0 C, respectively (Johnston et al., 1993 and 1994; Ferragut et al., 2000) In the present study, the sensory and the physicochemical properties of yoghurt made from HPtreated milk with different levels were studied comparing to yoghurt made with traditional method (heat treatment). To know the possibilities of using HHP instead of thermal processing on the manufacturing of yoghurt.
MATERIALS AND METHODS
Raw cow's milk was obtained from a Hungarian private farm (Fuchs Tej Ltd., Valkó, Hungary) . Some of the samples were heat-treated using thermostatically controlled water bath at 93 o C for 20 min., whereas the other milk samples were pressurized at different levels of HHP (500, 600 and 700 MPa at 25 o C for 10 min) using a Resato FPU 100-2000 high pressure equipment model S-FL-850-9-W (Resato International BV, the Netherlands). All treated samples were used for manufacturing yoghurt by traditional method given by Tamime and Robinson (1999) , using 0.2% (v/v) starter culture of Streptococcu. thermophilus and Lactobacillus delbrueckii ssp. bulgaricus. All yoghurt samples were stored for 2 weeks at refrigeration temperature (5±1 o C) Chemical and physical properties:-All samples were analyzed for total solids (TS) content and pH according to AOAC (2000) . The centrifugation method was used for the measuring the wheying-off the resultant yoghurt (Harwalkar and Kalab. 1983) . Apparent viscosity data were measured by using a laboratory Anton Paar DV-3 P Digital Viscometer (at 20°C and shear rate of 34 s-1) (Anton Paar GmbH, Austria). Gel firmness was measured with TA. XT Plus (Stable Micro Systems, Great Britain) texture analyzer. The samples were tempered to 10 °C, while the measurement was done using a 20 mm diameter cylinder probe. The gel firmness was the force recorded at 10 mm penetration depth. Data evaluation was performed with the software of the Texture Exponent 32 instrument.
Twenty trained evaluators tested the sensory evaluation of the resultant yoghurt according to ISO Standard 8589 (ISO,1988) . The sensory properties included colour, flavour, taste, and firmness. All attributes were scored from range 0 (very poor) to 10 (excellent). The attained data were statistically analyzed using ANOVA and significance was indicated at P ≤0.05, using the statistical software SAS, version 9.22 (SAS Institute 2010). Fig (1) show that pressurized yoghurt milk by 700 MPa for 10 min had the higher pH (p≤0.05) during fermentation time, compared to the other treated samples. Almost there were insignificant differences between control and the other pressurized samples (500 and 600 MPa) during fermentation time. The present results came in agreement with Penna et al., (2007) who reported that using HPP (676 MPa for 5 min) increased the pH of the resultant yoghurt. It could also be established a relationship of applying HPP to the milk, which leads to the disrupt of casein micelles and whey protein into smaller casein micelle clusters or aggregates, which result in an increase in the pH of the milk coagulation and started at a higher pH. (Desobry-Banon et al., 1994; Famelart et al., 1997; Harte et al., 2002; Huppertz et al., 2002 ) .
RESULTS AND DISCUSSION

Results in
After keeping yoghurt overnight at refrigeration temperature (fresh yoghurt) and after 1 week of storage period the differences between the pH values disappeared among all tested yoghurt samples (Fig, 2) . After 2 weeks of storage period, yoghurt made from pressurized milk recorded significant lower pH, compared to control. The lowest value was recorded by 600 MPa treated milk. Tanaka and Hatanaka (1992) reported that pressures above 300MPa reduced the acidifying activity of yoghurt bacteria. While, Jankowska et al. (2005) noticed that the pressurized yoghurt (400-600 MPa for 2 min) kept the initial pH after four weeks of storage at 4°C. It can be noticed from Fig (3) that yoghurt made from heat-treated milk (control sample) hade significant higher TS compared to pressurized milk. There are insignificant differences between the different levels of the used HHP.
Similar results were given by Penna et al., (2007) who cited that the yoghurt made from pressurized milk (676 MPa for 5 min) had significant lower TS compare to that made from heated milk. This is may be related to the loss of some moisture during heat treatment of the control sample. It could be noticed in Fig.(4) that there were a marked increase in the firmness of yoghurt made from pressurized milk (700 MPa for 10 min). Compared to the other treated samples, followed by the control one. The lowest firmness was recorded in 500 MPa treated sample, followed by 600 MPa sample. The data showed the same trend when the yoghurts were stored for 1 week without insignificant differences between 700 MPa and the control samples. After 2 weeks storage period, the differences almost disappeared among the control and pressurized (600 and 700 MPa) yoghurt samples. However, 500 MPa treated sample characterized with significant lower firmness value, compared to the other yoghurt samples. The present results came in harmony of those reported with Johnston et al., 1993 , Desobry-Banon et al., 1994 and Ferragut et al. (2000 ) Fig (5) shows that the viscosity of yoghurt sharply increased (P≤0.05) in yoghurt being made of pressurized milk at 700 MPa for 10 min, compared to the control and the other treated samples, followed by 600 MPa treated sample. Meanwhile, there were no significant differences between the control and 500 MPa treated sample. The same trend was noticed when the yoghurt samples were stored for 1 and 2 weeks. The viscosity was increased gradually by advancing the storage period, which agreed with the results mentioned by Johnston et al. (1994) . The increase of viscosity and firmness with pressure could be illustrated with the casein-fat or casein-casein interactions and the denatured whey proteins binding with water and fat which are caused by HPP treatment (Lanciotti et al. 2004 and Shah, 2007) . Also the decrease in soluble protein content, which is connected with the production of insoluble high molecular weight coaggregates due to whey protein denaturation during HPP treatment, enhance viscosity (Trujillo et al., 2002) .
Considerable decrease of wheying-off of the yoghurt samples was observed when the milks were pressurized to 500, 600and 700 MPa/10mins, compared to the control sample (Fig 6) . Insignificant differences were noticed between treated samples when different levels of HPP were applied. The wheying-off did not significantly increase when the yoghurt samples were stored for 1 week. However, significant increase was noticed after 2 weeks of the storage period for all the tested samples.
Sharp decrease in wheying-off of yoghurt when being made from treated milk by 350 and 500 MPa at 25 and 55 O C, respectively (Ferragut et al. 2000) . Applying HPP increased syneresis resistance of the gels, measured by drainage or by centrifugation (Johnston et al.1994) . Fig (7a) show that all of the applied pressure levels improved the colour compared, to the heat-treated sample (control) for the fresh yoghurt. The flavour of yoghurt made from pressurized milk (600 and 700 MPa) did not differ significantly with the control, however 500 MPa treated sample scored the lowest value of flavour. The best taste was detected in 700 MPa treated sample, followed by 600 MPa. Whereas 500 MPa gained the lowest score. Insignificant differences were observed between control and 700 MPa in the firmness attribute, however 500MPa scored the lowest value followed by 600 MPa. Almost the same trend was observed when the samples were stored for 1 and 2 weeks. Almost similar results were given by Patrignani et al. (2007) . In addition, the application of HHP to milk for yoghurt preparation could be an alternative to the use of additives to improve the physical properties of yoghurt without affect the sensor properties (Ancos et al., 2000) 
CONCLUSION
It could be concluded from the present study that, HHP could be applied by 600 and 700 MPa for 10 min as alternative processes of the thermal treatment to produce yoghurt with better texture (rigidity and resistance to breaking), viscosity and sensory attributes in addition minimized wheying off.
